ABSTRACT
Manfred Klinglmair 1) , Ottavia Zoboli However, there is considerable freedom in data selection and model choices. This implies that the 17 model and data structure of an MFA typically vary from one study to another, an issue tending to get 18 little mention in comparisons of P flow studies, which are often taken at face value (e.g. the review of and 2 are discussed in qualitative terms; point 3 consists of systematically quantifiable results. It is not 18 the aim of this study to compare the P budgets of the two countries as such; instead, we take the 19 specific examples of these two studies to illustrate, on a more general level, the extent of differences 20 that can occur in the areas above due to the MFA practitioner, the data available, and the model 21 formulation, apart from actual physical differences between the systems. In this way, we demonstrate a 22 series of steps to analyse MFA studies in order to make plain, and quantify, this often-overlooked 23 distinction. While this work is based on studies of P, the conclusions we draw may be applied to a 1 wider range of country-or regional-scale resource budgets. Technology, respectively. Table 1 shows characteristics pertinent to the two countries' P budgets. The 9 area used for agriculture is similar in both countries, but relatively smaller in Austria, due to the larger 10 area of the country and the high share of forests. However, more livestock is produced in Denmark,
11
with a particularly high number of pigs compared to Austria.
6 Table 1 Basic country data pertaining to P households in Austria (AT) and Denmark (DK). While the geographical scope and the areas under scrutiny are comparable, the objectives of the regional subdivisions, for the agriculture and waste management processes, into the national P balance.
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The purpose of this study was to investigate imbalances in the P household and potential for P recovery resulting from differences in agricultural practice, and population and industrial density between the there exist 7 unknowns for 41 independent balance equations (processes not containing a sub-system). can therefore be said to be overdetermined to a higher degree. flow systems with options of data reconciliation and uncertainty propagation, assuming all uncertain 10 flows to be random, normally distributed variables given by mean value and standard deviation. Figure   11 1 shows a simplified graphical representation of the two MFA models.
Since flow values are based on data of varying quality (and hence uncertainty) from multiple 13 sources, these data will generally not be fully consistent with the model, but contradict each other to a 14 certain degree, i.e., the input and output flows of processes will not balance completely. This problem 
Approach
As a first step, attention needs to be paid to the differences in the definitions of system layout 1 and system boundaries, even as conventions about boundaries at various geographical scales have been 2 developed (see Chowdhury et al. 2013 ). Nevertheless, the overall system layout warrants attention in 3 any comparison of MFA studies. Furthermore, a (mostly qualitative) evaluation of the essential 4 differences in the system layouts in representing the respective P flows and stocks, and in the 5 definitions of processes and flows, is necessary. Second, we examined the data material on which the models were built. We categorised the data 7 sources used in the quantification of P flows and stocks (material/bulk flows as well as P and it may be subject to data reconciliation, such as other determined flows; or, the flow is unknown 8 and is calculated as the sum of the flows it is composed of. In the former case, data reconciliation will The system boundaries for both studies could be expected to be defined in similar ways. Indeed,
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they differ only with regard to water bodies. The Danish study places the hydrosphere outside the 1 other hand, includes water bodies in the system; this can be attributed to the slightly different goal & 2 scope definitions of the two studies. Whereas the Austrian study put a focus on P as a major contributor 3 to eutrophication in addition to the P resource management issues (this is also highlighted by a follow-4 up study on the effect of anthropogenic P emissions on P load dynamics in the river Danube; Zoboli et 5 al. 2015b), the Danish study put emphasis mainly on the resource aspects of P management in Denmark. Figure 2 shows the summed in-and outflows, and stock changes, of the main processes in Exceptions are mineral P reserves (non-existent in both countries) as well as a Bioenergy process in the 7 main system for Austria (not part of the template; of similar magnitude in Denmark, but located in the 8 Agriculture subsystem), and minor differences in the classification of various wastewater flows.
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Wastewater treatment is the only main process without a stock in both systems. Minor differences 10 between the two studies can be more frequently found in the detailed subsystems, and process The availability or use of specific datasets is linked to the layout of the MFA model. This is 3 highlighted by the use of datasets provided by national statistical offices regarding agricultural 4 production (with one of the main turnovers of P). In the Austrian study, the datasets used were national 5 supply balances; the Danish study draws on production data for domestic agricultural production. The give regionalised data. Other, regionalised datasets also exist for Austria (e.g. Statistics Austria 2015).
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These differences in model layout were therefore not caused by data availability. However, the datasets Without a clear justification in the respective studies, and if data availability is similar, such 80% of the data sources in both cases. The Danish study draws more strongly upon official statistics. The extent of measurement adjustments in data reconciliation is influenced (weighted) by the 9 uncertainties of entered data (see Section 2.2). Hence, the more heterogeneous the uncertainties of individual flows throughout the model, the more reconciliation will concentrate on the most uncertain 1 flows. It has to be noted that this limits, to some extent, the explanatory power of an average value of 2 data reconciliation to measure consistency. The more heterogeneous the uncertainties of flows (the 3 larger the difference between the smallest and highest), the higher will be the changes in the few very 4 uncertain flows, while less uncertain flows change very little. On average, these changes may be 5 similar to a system where uncertainties are more homogeneous, and may obscure these underlying 6 differences. The Austrian study makes use of a more refined approach for data quality assessment and overly strong reconciliation (i.e. the reconciled value is associated with a very low probability, given 8 the probability density function of the input flow) may occur and the data quality assessment, the 9 quantitative uncertainty estimates, and/or the model equations would need to be critically evaluated.
Data sources
Moreover, data reconciliation in STAN leads to a reduction of uncertainty throughout the system (see only be due to a decrease in the flow value).
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The further to either side of the normal distribution-as defined by the uncertainty range ensure that all necessary changes of flow values remain within the specified uncertainty ranges. 
Aggregation effects
In the case of multi-level studies, such as the Danish multi-regional balance, the aggregation or as independent estimates may not be fully justified. Therefore, the overdetermination related to the 25 16 flows on the national level, which are aggregates of regional flows (see Table S .2), causes the resulting 17 uncertainties (after reconciliation) to be lower than in the case of treating the national flows as 
Conclusions
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In this study, we showed how choices made in establishing country-scale material balances, i.e. with data for flows on both levels originating from the same sources. As a concluding remark, we stress 
